The current status ofthe STAR Silicon Vertex Tkacker (SVT) ispresented.
Introduction
A Silicon Drift Detector (SDD) is a charged particle position measuring device with a position resolution on the order of 20pm in each coordinatte [l] .
A charged particle crossing the detector creates electron-hole pairs. The holes are immediately absorbed by cathodes on the surface of the detector. Electrons converge to the middle of the bulk and drift at a constant speed under the influence of an applied uniform electric field toward low capacitance anodes located near the edge of the silicon wafer. One coordinate of the particle position is determined from the drift time while charge division between anodes gives the other coordinate.
Large (6x6cm) linear SDD have been developed and are in production [2] for use in the SVT, the inner tracking detector of the STAR experiment at the RHIC Collider [3] [4] [5] .
The SVT consists of 216 wafers arranged in three concentric barrels at radii of 6.6, 10.6, and 14.5 cm respectively.
The wafers are mounted on beryllium ladders and cover Iq[ < 1 with 104K readout channels and O.7m2 of silicon. The SVT resides in a 0.5T magnetic field and is surrounded by a TPC.
The SVT project has been active for seven years and is one year from completion. It will significantly enhance the low transverse momentum (pT), strangeness, and event-byevent physics capabilities of the STAR detector. It allows measurements of yields and spectra for A's,~' s, Q's, and Kg's addressing questions about strangeness equilibrium and strangeness enhancement.
It extends the low pT range of the STAR detector to 60 MeV/c allowing questions concerning disoriented chiral condensates (DCC) to be addressed. It also enhances measurements of event-by-event particle ratios and pion HBT. in the SDD. A drift potential of 500V/cm is applied and at room temperature electrons in the wafer drift at 6 .6pm/ns. The total drift time is 4.5ps and corresponds to the dead time of the detector.
The drift direction is sampled via a switched capacitor array [7] that records 128 time samples at a 25 MHz clock frequency effectively creating a pixel-like detector with 250 x 240~m pixels. This pixel-like readout allows high density tracking with a low number of readout channels. The average pixel occupancy in the detector is <270. It takes 5ms to readout all 216 wafers in the SVT. Assuming 2500 charged tracks per event, 24 pixels per hit, and 1 byte per pixel, one records 180KB (2500 X 24 X 3 layers) for a zero-suppressed SVT event. Presently, position resolution is determined in the laboratory by mounting a laser (850nm) on an XY stage and creating a MIP signal while scanning across the detector surface. Results from a typical detector are shown in fig. 2 where a position resolution below 20pm is measured. Resolution along the drift direction is worse than along the anode due to nonlinearities in the drift field caused by non-homogeneous implanted resistors. The SDD measures the charge deposited for each hit allowing dE/dx measurements for particle identification as seen in fig. 3a . The average dE/dx resolution in the three layer SVT is 7% for a MIP particle.
Results from a 15 SDD plane prototype in experiment E896 using the same FEE and readout electronics as the SVT show similar behavior [8, 9] . Within measuring accuracy there is no evidence of charge loss at large drift distances as seen in fig. 3b . The peak amplitude decreases with increasing drift distance in fig. 3C due to diffusion. This impacts the two track resolution of the detector which is proportional to the cloud width and is 500pm at longest drift.
The SDD'S response is sensitive to certain environmental conditions such as the drift electrical field, the temperature, and the external magnetic field [lO, 11] . The drift velocity
where T3 and q are two electronics constants. As will be shown the shape of the electron cloud in the anode direction is Gaussian. So, by fitting signal waveforms with a convolution of the electronics response function and a Gaussian, we are able to extract the cloud width in the drift direction.
Analytical expression for this convolution was obtained and coded as a FORTRAN function.
To determine the electronics parameters r, and q, waveforms were initially fitted using five free parameters r., n, to, a, Q, Whereto and u are the position and width of the Gaussian respectively, and Q is the charge collected on that anode.~, and n were then fixed at average values obtained from about 200 waveforms taken at different drift dist anses. The method of cumulative functions was used to extract the ciouci shape for those drift times where the cloud is fully covered by three anodes.
In Fig.3 For aii drift distances the ampiitucie from a singie anode measured as a function of coordinate of the light spot were n,, ,. nttea~y Eq. 3 with free parameters QtOtal and cr. Resuiis of the fit for all drift distances for one anode are shown in Fig.5 . Tine quaiity of the fit is good for aii distances. Both methods are in good agreement.
The evolution of the cloud width with drift time is shown in Fig.6 .
The dynamics of the electrons is described by the continuity equation [3] . The solution of the continuity equation, which takes into account drift, diffusion and Coulomb repulsion, for Q = 6.2 x 1C14 electrons is shown by a solid line.
Values of other ..-parameters used in calculations are: dlfi"usion coei%cient ..
F@r-e 4: Cloud profdes. D = 3.5prn2/ns, electron mobility p = 1350pm2/nsV. The agreement between measurements and theoretical model of the dynamics of electrons is evident. The dash line shows the evolution of the clcmd width because of the diffusion only. Dotted line shows the evolution of the cloud width fc)r the case of the Coulomb repulsion only. Even at this low ionization, the contribution of Coulomb repulsion is significant, particularly at short times while the cloud size is small ( < 100pm).
B. Drift direction
Rpa,lt.c nf t,he waveform
distances are shown in Fig.7 . The quality of fits is good at . . a.ii Cirlft,Chst,an.!ms . 18, 1.26, 2.35, 3.42, 7.74, 12.07, 18.55, 22.87, 27.20, 29.89 mm. Points are data, solid line is fit.
[/ .,,., For each drift distance the width u of the Gaussian was extracted from waveforms taken at different coordinates of the LED spot along the anode.
For the first three drift distances we see a parabolic dependence of u on the coordinate along the anode with a minimum at the center of the anode. At very short drift distances, the electron cloud expands rapidly.
Even a small variation in drift distance will cause visible variation in the cloud size. This could be a possible explanation of the effect. The width of the cloud for the first three distances was determined as the value of u in the minimum, for other distances the weighted average was used.
A correlation between cloud width in anode and drift directions is shown in Fig.8 . It is a linear dependence. That confirms that in both directions the electron cloud expands in the same way. As one can see from Fig.8 the size of the cloud in the drift direction is systematically larger than the size in the anode direction. For our measurements this can be explained by the following: 1) the duration of the LED pulse increases the size of the initial spot only in the drift direction; 2) the signal induced on the anode by a single electron is a function with a finite width; 3) the drift field is not uniform in the focusing region and 4) there are small local non uniformities in the drift field outside the focusing region. Taking that into account we can conclude that the theoretical model [3] of the dynamics of electrons in silicon drift detectors is in agreement with our experimental results.
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